We prepared chemically skinned uterine muscle fibers from both horns of unilaterally pregnant rats and investigated the effect of gestation on the Ca2+ sensitivity of the Ca2+-induced contraction.
Introduction
The uterine smooth muscle cell is known to undergo great changes in the contractility during gestation and delivery. From the view point of reproductive physiology, these changes are thought to play an important role in the maintenance of pregnancy and delivery, spending a major part of its time in a relatively quiescent state for implantation and development of the fetus and developing brief terms of the contractile activity associated with parturition and delivery of the fetus and placenta (Thorburn and Challis, 1979; Huszar and Roberts, 1982) .
The change in the uterine muscle contractility is mainly due to qualitative and quantitative changes in contractile and regulatory proteins in uterine smooth muscle cells, and pregnancyassociated endocrinological changes have been implicated as the principal cause of those changes (Cavaille and Leger, 1983) .
The skinned muscle fibers method have been introduced, first by Natori (1954) , as a good muscle model to study the muscle contraction without complicated participation of the excitable membranes. The saponin method for the preparation of skinned cells was first introduced
by Ohtsuki et al. (1978) , and this method was successfully applied for the preparation of skinned smooth muscle fibers by Endo et al. (1977) and Saida and Nonomura (1978) . Ochiai et al. (1981) , Maruyama et al. (1986) and Ochiai et al. (1986) applied this method to the uterine smooth muscles.
In the present study using, we prepared saponin-treated (chemically skinned) uterine muscle fibers of gravid and non-gravid horns from unilaterally pregnant rats, keeping the endocrine milieu constant, and investigated, using the Ca2+ sensitivity as an indicator, whether there is the difference on the contractility of skinned muscle fibers obtained from the gravid and non-gravid horns during gestation. 
Discussion
In the present study, we prepared saponin-treated (chemically skinned) uterine muscle fibers of gravid and non-gravid horns from unilaterally pregnant rats, and investigated changes in the Ca2+-induced contraction using the Ca2+ sensitivity as an indicator. The Ca2+ sensitivity was defined as the pCa (minus logarithm of free calcium concentration) required for half maximum activation of force production. We observed that the overall behaviors in the time course of changes in the Ca2+ sensitivity in gravid horn during gestation was quite similar to that in the normal pregnant group (Fig. 2) , indicating that the contractile system in pregnant uterine smooth muscle cells will already be complete at Day 17 of gestation enough to produce the big contractile force required at labor. These observations suggested that the change of endocrinological conditions in gravid horn during experiments were almost the same as that in the uterus of normal pregnant rats. On the other hand, of great interest is that muscle fibers from non-gravid horn, wherein neither fetus nor placenta was present, exhibited the noticeable dissimilar change in the Ca2+ sensitivity after Day 15 of gestation, after which, in the normal pregnant rats, the rate of increases in size of conceptus will become remarkably high. Kawarabayashi and Marshall (1981) and Kawarabayashi (1983) represented electrophysiologically using the uterine muscle cells from unilaterally pregnant rats that the action potentials generated at myometrium were different between gravid horn and non-gravid horn, and also gravid horn showed the electrophysiological properties similar to those of myometrium in normal pregnant rats.
These reports also support our present observations.
There are many reports providing experimental evidences that placental steroid hormones can regulate Ca2+ intrusion into sarcoplasm through the change in the membrane potential (Carsten, 1974) , and also demonstrating that long-term loading of myocytes with steroid hormones gives rise to change in the amount of the intracellular contractile and regulatory proteins (Csapo, 1950) . These will cause to modulate the ATPase activity (Micheal and Schofield, 1969) and the phosphorylation state of myosin molecules (Matsui et aL., 1983) .
Steroid hormones also modify the electrical properties (Kuriyama et al., 1976) and enzymatic activities (Miyazaki et al., 1980) of myometrium. Shimizu (1986) have shown possible pregnancy-associated alternations in contractile and regulatory proteins in uterine smooth muscle cells using polyacrylamide gel electrophoresis performed in the presence of sodium dodecyl sulfate (SDS-PAGE) and the fluorescence microscopy.
Present results indicate that gravid horn and non-gravid horn are in essentially the similar contractile properties during the progesterone dominant early stage of pregnancy, providing the evidence of the involvement of hormonal milieu in the relaxation mechanism of uterine muscles.
In contrast, striking differences in the contractility were observed between gravid horn and non-gravid horn during the second half of gestation, suggesting the possibility that the increasing size of conceptus (fetus and placenta) contributes to the forceful contraction of uterus at the terminal stage of gestation. Maruyama et al. (1986) reported the change in the amount of calmodulin in the smooth muscle contractile system, and the changes in the effect of exogenously applied calmodulin and in the Ca2+ sensitivity on the Ca2+ -induced contraction during gestation using the skinned fibers. Ochiai et al. (1986) also showed that hormone load alone failed to give rise to such remarkable changes in uterine muscle contraction at the terminal stage of pregnancy. Moss (1983) reported that the mechanical stretching of skeletal muscle fibers causes to increase in their Ca2+ sensitivities, suggesting that there may be similar stretching-like changes in uterine smooth muscle cells during the terminal stages of gestation due to the development of fetus.
Generaily mentions should also be made on the contribution of local hormones associated with the progress of pregnancy in intact uterine fibers, modulating, directly and indirectly, the formation of gap junctions and the expression of connexins, possible gap junction proteins.
Garfield and Kannan (1980) and Garfield and Hayashi (1981) reported that the number of gap junctions on uterine muscle cells were markedly increased in a pregnancy associated manner, suggesting the intimate relationship between the formation of gap junction and the labor contraction.
We also obtained the evidence that the amount of connexin molecules increased on the progress of pregnancy by the immunofluorescent microscopy (Ohura et al., unpublished data).
From these results, we cannot adequately succeed to explain the powerful contraction of uterine smooth muscle at labor by only the terms of endocrinological backgrounds. As mentioned above, local factors other than the humoral regulation are likely to play a role in the causation of powerful contractions of uterine smooth muscle at delivery. We contemplate conducting further studies to elucidate the mechanism in the initiation of delivery.
